Redensification of the housing stock is also creating challenges for the drainage of wastewater and rainwater in existing sewer systems, particularly in growing cities. One alternative here is the evaporation of rainwater, which reduces hydraulic loads on sewers. Rainwater evapotranspiration using helophyte mats on building roofs is a possible approach. Helophytes are able to transpire considerably more rainwater than extensively planted green roofs. Other than conventional green roofs helophyte mats in the form of wetland roofs require a permanent water supply on a daily basis.
residential neighbourhoods are being built or when redensification of existing housing stock is being carried out on a large scale. As the expansion of sewer systems is very cost-intensive, decentralised rainwater treatment close to its collection point is an alternative worth considering.
Decentralised rainwater treatment is becoming increasingly important -particularly in connection with the continuous increase of intensive precipitation events with high volumes of water in a short period -as a response to the resulting dilution of wastewater and the range of volumetric flow rates to be treated, which can lead to temporary overloading of sewer systems and wastewater treatment plants. Unlike the traditional flood management approach, application of ecologically engineered systems provides non-structural measures that are predominantly implemented to minimise the peak discharge and delaying runoff formation by increasing water capacity storage within the urban landscape (Ashley et al. ) .
Innovative solution
The separation of wastewater streams into partial streams with different levels of contamination (blackwater, yellowwater, greywater) and separate treatment of these partial streams are currently attracting major attention internationally (Ochoa et al. ) . The separate collection and treatment of wastewater streams that contain energy and nutrients (blackwater) can significantly increase the efficiency of treatment systems (Kjerstadius et al. ) .
Weakly contaminated greywater from baths, showers, washing machines, dishwashers and kitchen sinks (Ghaitidak & Yadav ) can often be treated cost-effectively close to its collection point.
The use of fleece mats that are intertwined with helophyte roots represents an innovative method of rainwater management at the level of residential neighbourhoods or buildings. This type of structure is easy to work with and is relatively light. In this way, it becomes possible to shift rainwater retention and treatment to the roofs of buildings and to keep ground-level areas free for other, more economically attractive uses.
A wetland roof is a form of extensive roof greenery, where helophytes are planted on the entire surface of a roof and are watered at regular intervals each day (Blumberg ) . The use of helophytes is particularly attractive as they have reduced the stomata regulation of their transpiration over the course of evolution. As a result, helophytes evapotranspirate much more water than terrestrial plants that are usually used on conventional green roofs. Depending on the size and type of the helophytes, the evapotranspiration rate can be expected between 3.5 and 3.7 mm per day on an annual basis (Abtew ) and can reach peak values of around 50 mm per day on hot summer days using aquatic macrophytes like common reed Phragmites australis (CAV.) TRIN. EX STEUD. and common club-rush Schoenoplectus lacustris (L.) PALLA (Kraft ).
Root zone of the helophyte mat as a retention and reaction space
The root zone of the helophyte mat serves as a retention space for rainwater, delays and reduces the flow of this water. However, as helophytes also require water during rain-free periods, excess water should be temporarily stored in a cistern and pumped back on the roof top 6-8 times on a daily basis (10 mm per day). It is also feasible to collect greywater from the households of building separately and to treat it using the helophyte mat with its microbiological biofilms. In this way, the plants will have a permanent basic supply of water and nutrients even during periods with no precipitation. In the case of combined treatment of rainwater and greywater, it must be ensured that the undiluted greywater is treated to a sufficient degree, when it passes through the plant carrier and water storage mat; this was tested as described below.
The limit values applicable in Germany for wastewater treatment plants of size class 1 (less than 60 kg BOD 5 per day) were used as quality criteria for the outlet water from the helophyte mat. These treatment plants correspond to population equivalent values of up to 1,000 and it is assumed that helophyte-planted roots will initially remain within this range 
MATERIALS AND METHODS

Helophyte mat
The Repotex D water-storing mat, which was developed by 
Experimental system
The test was not conducted on a real roof so as to make it easier to carry out the experiment and take samples. A close-to-realistic experimental set-up at ground level with a custom-made wooden structure (4.4 m length, 1.1 m width,
to the design specifications already tested in practice with rainwater by Rhizotech (Rosdorf, Germany).
A 0.1 m-high raised edge on both sides, the inclusion of sheeting on the base underneath the mat, and carefully considered orientation of the structure ensured targeted flow of water from the inlet to the outlet that was evenly distributed over the entire width. The greywater used came from the bathroom and kitchen of a four-person household in Döben, close to Grimma in the state of Saxony in Germany.
This greywater was drawn from a sump present beside the house. On the suction side, a freely hanging strainer made of perforated metal with a hole diameter of 3 mm was used to avoid blockages due to coarse particles and to prevent the suction of sediment. The greywater was pumped using a peristaltic pump (ECOLINE VC-280, Ismatec) that was activated for 40 min every 4 h using a timer. The greywater was distributed across the entire width of the helophyte mat at its highest point using a PVC pipe with 
Sample removal and analysis
Samples were taken at the inlet and outlet of the experimental rig in quick succession, which ensured there was only a minimal time delay between these samples. The water from the inlet and outlet was analysed using the methods described in Table 1 .
RESULTS AND DISCUSSION
The plant stock in the helophyte mat developed continu- As a result of the horticultural pre-cultivation, the root zone was fully developed, which means that an effective reaction zone for water purification was already present at the start of the experiment. The textile mat was fully intertwined with roots on its underside and was thus able to fulfil its function of stabilising the plants.
The wastewater ordinance currently valid in Germany (Figure 2 ). This is due to the adaptation process that is necessary for the microorganisms when the system is working at optimal performance. This . As a result of the inlet loads from midJuly onwards that were significantly above typical values for greywater, the experiment with the helophyte root mat was ended early.
The results presented in Figure 2 and Table 2 show that a well-developed helophyte mat can treat greywater with typical concentrations of COD and BOD 5 in a reliable manner in spring and summer operation at hydraulic load
The helophyte mat is not sensitive to short-term interruptions of water inlet feed due to the water-storage capacity of the root zone (see Section 'Helophyte mat'), and this helps to increase the stability of the purification process. parameters of the helophyte mat. We are grateful to Dr
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Annelie Wendeberg for her willingness to provide the greywater and a site for the experimental system. We would like to thank Rhizotech company from Rosdorf for providing a helophyte mat free of charge that had been pre-cultivated for a number of years. 
